Abstract. The objective of the present study was to investigate the effect of highly selective peripheral nerve radiofrequency (RF) ablation for the pain caused by severe knee osteoarthritis (OA). A total of 96 patients with knee OA were randomly divided into two groups. The 49 patients in group A were treated with highly selective peripheral nerve RF ablation group and the 47 patients in group B were treated with sodium hyaluronate injection. Visual analogue scale (VAS), Lysholm knee score (LKS), and pain relief before treatment and at 3 days and 3, 6, 9, and 12 months after treatment were compared. At each time point after treatment in group A, both VAS and LKS scores were significantly different compared with before treatment (P<0.05). At 3 days, and at 3 and 6 months after treatment in group B, VAS scores were significantly different from before treatment (P<0.05) and at 9 and 12 months after treatment, the scores were not significantly different from those before treatment. In addition, LKS scores were only significantly different at 3 months after treatment compared with before treatment (P<0.05) and not significantly different after that time point. Furthermore, compared with group B, the rates of effective pain relief in group A were significantly higher at each time point after treatment (P<0.05). Compared with sodium hyaluronate injection, highly selective peripheral nerve RF ablation of the knee was more effective, easy to operate and had no significant adverse effects for the treatment of knee OA.
Introduction
Knee osteoarthritis (OA) is a disease characterized by chronic articular cartilage lesions (1, 2) . The main pathological features include degenerative changes to articular cartilage and osteophyte formation at joint edges (3) . The clinical manifestations include knee pain, stiffness, movement disorder, knee swelling and deformation (4) . At present, there are no methods that effectively block the progression of knee OA and the main goals of treatment are limited to alleviation of pain and functional improvement (5, 6) . Concerning the current goals of treatment, our department is investigating a new therapeutic method-highly selective denervation to alleviate pain in patients with knee OA, with the aim of exploring an accurate, safe and effective method to treat chronic knee pain.
Patients and methods

Patients.
A total of 96 patients, including 27 males and 69 females treated for knee OA at Jingzhou First People's Hospital (Jingzhou, China) from June 2012 to December 2012 were selected. Patients were aged from 47-70 years, with average age of 58.2±5.5 years. A total of 37 patients had OA in the left knee, 27 in the right and 32 in both knees. The course of disease was from 22-54 months, with average of 31.4±7.9 months. Body weight ranged from 53-97 kg. This study was approved by the hospital Ethics Committee. All patients signed the informed consent and were randomly divided into two groups. There were 49 patients in group A [received highly selective peripheral nerve radiofrequency (RF) ablation] including 12 males and 37 females, with average age of 56.5±9.5 years. The average course of disease was 36.5±7.5 months. There were 47 patients in group B (received sodium hyaluronate injection) including 11 males and 36 females, with average age of 61.5 ±8.5 years. The average course of disease was 35.5±6.5 months. There were no significant differences between the two groups in terms of general parameters, Highly selective peripheral nerve radio frequency ablation for the treatment of severe knee osteoarthritis Table I) . OA of the knee was diagnosed with reference to the 1995 revised diagnostic criteria for knee OA of the American College of Rheumatology (San Diego, CA, USA) (1,7) as follows: i) Sounds produced from friction of joint activity; ii) knee pain for ≥14 days within 1 month before visit; iii) knee stiffness in the morning lasting ≤30 min; iv) age over 4 years; v) extensive pressure pain points on knees with swelling or twist sense and severe pain; and vi) standing or weight-bearing X-ray showing significantly narrowed knee joint spaces and osteophyte formation at the edges of epiphyses. Patients with criteria 1, 2, 3, 4, and 5 or 1 and 6 were diagnosed with knee OA.
The inclusion criteria included (7): i) Patients meeting the diagnostic criteria; ii) those with VAS score >6; iii) those with joint LKS score >60; iv) those who voluntarily abandoned other therapeutic measures during treatment for OA; v) those from 40-70 years old; vi) those who did not take other medicines and undergo other therapeutic methods within the previous month before the study; and vii) those with good compliance and who agreed to sign the informed consent.
The exclusion criteria included: i) Those with significant knee deformity and varus or valgus knees; ii) cases complicated with significant organic pathologic changes, serious cardiovascular diseases, or malignancy; iii) cases with history of neurovascular injuries of the affected extremities; iv) cases complicated with rheumatoid arthritis, osteomyelitis, knee tumors, gout, diapyesis and acute phase intra-articular fractures or neurovascular injuries; v) cases with bone bridge connections formed between joints causing significantly narrowed joint spaces appearing as bony ankylosis; vi) cases with history of knee surgery, skin infection of a specific location, or severe trauma around the knee; vii) those allergic to sodium hyaluronate; viii) those with disease course over 10 years and viiii) those with mental disorders.
Treatment.
Patients in group A were treated with highly selective peripheral nerve RF ablation of the knee as follows: Patients were placed in the dorsal position with knees slightly bent with a thin pillow placed on the backside of the affected knees; inspections were performed around the skin of the knee; a peripheral nerve plexus stimulator (multistim sensor; Pajunk ® Holding GmbH, Geisingen, Germany) was used to locate peripheral nerves of the knee, focusing on the cutaneous branch of femoral nerves on both sides of the patella and patellar branch of saphenous nerves that were susceptible to pain provocation. After completion of routine sterilization, local anesthesia was performed using 1% dolicaine. After anesthesia, a 5 cm RF trocar was used to vertically pierce roughly 1.5 cm into the cutaneous branch of femoral nerves on both sides of the patella. For the patellar branches of the saphenous nerves, it was required to reach deep into the periosteum, so for thin patients, it was necessary to lift the skin to avoid damage. After the puncture needle was inserted, an RF controlled fuser (model: R-2000B; Beiqi, Beijing, China) was connected. Tests were performed at voltage of 100 Hz and 0.5 V, respectively. If pain was caused on the corresponding regions of the knee, thermocoagulation ablation was performed, with settings of 60, 70 and 80˚C as the temperature cycle and 90 sec as the RF ablation time cycle. The above steps were repeated to ablate each puncture point. After surgery, conventional treatment was performed.
Patients in group B, were treated with intra-articular injection of sodium hyaluronate (specification, 25 mg/bottle; Chemical Industries Ltd., Japan). A puncture was made on the upper edge of the patella. Local routine disinfection of the skin was performed. During puncturing, patients were placed in the straight dorsal position and the musculus quadriceps were relaxed. The operator wearing gloves moved the patella outward at 1/3 of the upper edge of the patella with the left thumb, while the index finger and middle finger were touching the lower edge of the patella to form an obvious mark. The puncture needle was inserted from spaces and sodium hyaluronate was injected with a sterile syringe into the articular cavity. If it felt empty, and no blood was withdrawn, 25 mg/2.5 ml of physic liquor was slowly injected into the articular cavity. After completing the injection and withdrawing the needle, the operator applied pressure to the puncture site using a sterilized cotton ball, and applied paste wound dressing. Patients were instructed not to wet the puncture sites for 24 h and not to take a bath, to keep the puncture site dry to prevent infection. Patients performed knee exercises to make the medicine distribute evenly within the articular cavity to achieve the effect of pain alleviation. If there were hydrops in the articular cavity before injection of sodium hyaluronate, they were extracted. The injections were alternatively performed on the inner and outer sides of the knee. Injections were made in the articular cavity once per week for five consecutive weeks, consisting one course of treatment. Doctors advised patients to perform non-weight-bearing joint activities and static muscle contraction training.
VAS was used according to the amount of pain felt by the patient. Patients were asked to mark the pain positions between the rider scale bars and make corresponding scores. A score of 0 indicated no pain, and 10 indicated the most severe pain. Table I . Basic data for the two groups (mean ± standard deviation). The LKS was used to observe the improvement of daily life functions of patients including eight domains with a total score of 100: Limp (5-0), use of supports (5-0), locking (15-0), instability (25), pain (25-0), swelling (10-0), stair-climbing (10-0) and squatting (5-0 points) (3, 4) .
Through follow-up by telephone or outpatient re-examination, scores were recorded for pain with VAS after patients did not take medicine for 3 days, and 3, 6, 9, and 12 months after treatment.
Criteria for therapeutic effect of pain relief: Excellent, VAS scores decreased by >75%; good, VAS scores decreased by 75-50%; effective, VAS scores decreased by 50-25%; ineffective, VAS scores decreased by <25%. Recording time, 1 and 3 months after treatment.
According to the following formula, the rate of effective pain relief = [(VAS scores before treatment -VAS scores after treatment)/VAS scores before treatment]x100%.
Statistical analysis. Data were analyzed with SPSS 18.0 (SPSS, Inc., Chicago, IL, USA) software. A χ 2 test was used for baseline analyses of parameters between the two groups; a paired t-test was used to compare intragroup differences before and after treatment; t-test was used to compare intergroup differences of measurement data; χ 2 test was used to compare intergroup differences of enumeration data; and enumeration data are presented as rate or constituent ratio.
Results
Comparison of knee VAS scores.
In group A, compared with before treatment, there were significant differences in knee VAS at 3 days, and at 3, 6, 9, and 12 months after treatment (P<0.05). In group B, there were significant differences in VAS at 3, 6, and 9 months (P<0.05) after treatment. Compared with group B, the improvements in pain relief in group A were significantly different at 3 days, and at 3, 6, 9, and 12 months (P<0.05) after treatment (Table II) .
Comparison of knee LKS scores.
Compared with before treatment, the LKS scores in group A were significantly different at 3 days and at 3, 6, 9, and 12 months after treatment (P<0.05). In group B, there were significant differences in LKS scores at 3 months after treatment (P<0.05). For improvement of pain relief, compared with group B, the improvements of pain relief in group A were significantly different at 3 days, and at 3, 6, 9, and 12 months (P<0.05) after treatment (Table II) .
In this study, it was observed that after post-treatment follow-up (telephone or home visit), in both A and group B, there were significant differences at 3 days, and at 3, 6, 9, and 12 months (P<0.05) (Table III) .
Discussion
In addition to conservative treatment, there are currently many invasive treatments for knee OA (1), such as knee lavage, hyaluronic acid injection, glucocorticoid injection, arthroscopic synovial cleanup, and knee resurfacing, all of which have different indications and disadvantages (8) . Knee lavage, glucocorticoid injection, and hyaluronic acid injection are applicable to mild and moderate OA, and can stabilize the intra-articular environment, increase articular lubrication, relieve synovitis, and enhance secreting hyaluronic acid (9,10). Table II . Knee VAS, LKS scores before and after treatment (mean ± standard deviation). Table III . Pain relief effective rates at each time points after treatment.
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3 days 3 months 6 months 9 months 12 months Arthroscopic synovial cleanup and knee resurfacing are applicable to moderate and severe gonitis, and the latter is the final treatment for OA (11) . However, because of the limited service life of prostheses and operative complications, the development of easier and more effective therapeutic methods is anticipated. Nerve RF technology has been carried out locally for many years (12) . By RF thermocoagulation denervation technology performed on the posterior rami of spinal nerves, most minor arthrogenous pain of the neck, shoulder and back can be effectively treated. Several clinical studies showed that RF thermocoagulation technology on pain points around the knee can be used to effectively alleviate pain around the knee (13) (14) (15) . However, in the past, after applying similar technologies, we found that the range of RF was too wide, RF pain points were too many, the damage was greater, treatment duration was longer, patients experienced pain, and pain frequently recurred. Therefore, we assume that the pain caused by the knee can be controlled by breaking pathways of knee pain using nerve locator under accurate positioning to highly selective femoral ablation, lateral cutaneous nerve and knee saphenous nerve infrapatellar branch.
A nerve locator consists of casing and control circuit components (16) . The casing is equipped with an ammeter plate and adjustment knob, while the control circuit contains the power supply, pulse signal generator and current regulating circuit. By applying DC pulse signals of certain frequencies on the nerve distribution area of the superficial fascia, the pulse signal generator can induce pain on corresponding positions. The resistance value of the potentiometer is gradually changed in the current regulating circuit and the intensity of the output current is reduced. When the minimum range that caused pain is found in the valley current, the accurate position of the cutaneous nerve is determined and the puncture point can be determined. By this nerve locator, accurate positioning for nerve stems is achieved using a simple circuit structure, avoiding pain caused by many punctures when searching for nerve stems. More objective indicators are obtained for patients with anatomic variations or those unable to accurately describe paresthesia, so the success rate of RF is greatly increased (14) .
Most of the target nerves for highly selective peripheral nerve RF ablation of the knee are located in the superficial fascia layer, including the nervus cutaneus femoris lateralis, intermediate femoral cutaneous nerve, medial femoral cutaneous nerve and ramus infrapatellaris nervi sapheni (17) . The nervus cutaneus femoris lateralis, as the terminal branch of L1 or L2 nerve roots, appear frequently and distribute to the upper and outer edges of the patella as well as the outer skin of the quadriceps tendon and superficial fascia, reaching the upper edges of the patella. Intermediate femoral cutaneous nerves stem from the femoral plexus and start from the femoral nerve groin, divide downward into two to three branches, and distribute to the skin of the quadriceps tendon, patella area, and superficial fascia. The lower medial femoral cutaneous nerves vary greatly, 38% of which are medial branches of femoral cutaneous nerves, while 60% are saphenous nerve branches (18) , dominating the skin of the medial knee and superficial fascia. Saphenous nerves stem from posterior femoral branches, and separate into upper and lower branches at the lower ends of the fem interns, the lower branch of which is the ramus infrapatellaris nervi sapheni.
Nerves in circumpatellar soft tissue are located in the deep fascia layer (19) , mainly including upper saphenous nerve branches, articular branches of patellar saphenous nerves, and articular branches of common peroneal nerves. Although articular cartilages may receive nutrition from these nerve branches, the metabolism of articular cartilage and surrounding tissues will not be affected as the RF thermocoagulation is only located in the superficial fascia layer.
The therapeutic effects for all patients in this study were as follows: Pain from knee OA was significantly relieved at the early period after treatment in groups A and B. However, half a year later, pain reoccurred and became severe in patients in group B, while in group A, the effect of treatment persisted, showing that highly selective nerve RF ablation is better for long-term analgesic effect. At 3 months after treatment, LKS scores in group B began to rebound, while in group A the scores remained lower, and the differences were statistically significant. This demonstrated that with the significant alleviation of pain, patients showed continuous improvements in knee motor functions and appeared to have no corresponding clinical manifestations of accelerated degeneration of articular cartilage.
In conclusion, with the use of highly selective peripheral nerve RF ablation, incoming pain signals were reduced around the knee, walking pain was effectively alleviated in the longterm, knee motor functions were improved, and quality of life was improved. This technology is easy to operate, very safe, and is worthy of being applied in hospitals of all levels. Additionally, the requirement for knee replacement may be reduced to some extent as the pain is greatly alleviated by this technology.
